The accurate measurements of surface tension of sodium dodecyl sulphate (SDS) in distilled water and in presence of 0.01M Na 2 SO 4 and 0.01M ZnSO 4 at room temperature were reported by drop weight method using a stalagmometer. The critical micelle concentration (cmc) of sodium dodecyl sulphate (SDS) in distilled water was obtained higher than in presence of Na 2 SO 4 and ZnSO 4 . The decrease of cmc of sodium dodecyl sulphate in the presence of salts has been discussed.
Introduction
Due to the different environment of molecules located at an interface compared to those from either bulk phase, an interface is associated with a surface free energy. At the air-water surface for example, water molecules are subjected to unequal short-range attraction forces and, thus, undergo a net inward pull to the bulk phase. Minimization of the contact area with the gas phase is therefore a spontaneous process, explaining why drops and bubbles are round. The surface free energy per unit area, defined as the surface tension (γ). Another, but less intuitive, definition of surface tension is given as the force acting normal to the liquid-gas interface per unit length of the resulting thin film on the surface.
Surfactants reduce the amount of work necessary to create unit surface area i.e. surface tension of a solution is lowered when surfactants are present [1] . The limiting value of surfactant concentration that produces a surface tension decrease is the critical micelle concentration [2] . Furthermore, the steeper decrease in surface tension is evident only at high surfactant concentrations. Since, due to the surface activity of the surfactant, surface tension measurement is the major method for the determination of cmc. In tensiometric determination of the cmc of pure surfactants, the surface tensions (γ ) are plotted as a function of logarithm of the surfactant concentration. The following equation is used to calculate the surface tension of required solution.
where, γ soln = surface tension of solution γ solv = surface tension of solvent n soln = number of drops of solution n solv = number of drops of solvent d soln = density of solution d solv = density of solvent Sodium dodecyl sulphate (SDS) is an anionic surfactant. One end of the molecule is charged and therefore has an affinity for water, and the other end is non polar and soluble in fat/oil. SDS has a negatively charged sulfonate group as its "hydrophilic" end and a saturated 12-carbon for its "lipophilic" end. Sodium dodecyl sulphate has significant application as very effective surfactant in a number of industrial products and in recent studies it is considered as a novel microbicide against different viruses [3, 4] .
In this paper, we report a study of the micellization behaviour of sodium dodecyl sulphate (SDS) at room temperature in absence and in presence of Na 2 SO 4 and ZnSO 4 by surface tension method in aqueous media.
Experimental
Sodium dodecyl sulphate was purchased from Loba Chemical, India. ZnSO 4 and Na 2 SO 4 were purchased from Ranbaxy Chemical, India. The water used in the experiments was doubly distilled. The solutions prepared at room temperature. The weights of the different solutions of SDS with different strengths were measured by the pyknometer (specific gravity bottle). For this purpose, the cleaned pyknometer was taken and was first filled with airfree distilled water in it, then the stopper was inserted into its mouth so that the small amount of water flowed out the capillary then the outer surface of it was wiped out with a tissue paper ensuring that outer surface was completely dried. Finally, the bottle was weighed and then emptied and dried. Then, the same process was repeated for every type of solutions under investigations. After collecting the weights, the densities of related solutions were calculated and tabulated with reference to the standard density of water at 30 o C(room temperature) i.e. 0.99571 g/cm 3 .
Surface tension measurements were carried out on a stalagmometer. The surface tension of SDS in absence and presence of salts was measured by drop count method using a stalagmometer. It was designed by Troube and consists of a pipette with a capillary outflow to be the end of which is flattened out. This is done to give a larger dropping surface. The surface is carefully ground flat and polished. Before using the stalagmometer was first carefully washed with a solution of chromic acid and then with distilled water. Finally it was washed with acetone and dried. The stalagmometer was held vertical and was not shaken because otherwise the drop will fall out even before attaining its maximum size. In this process, first the stalagmometer was filled with distilled water as above without changing the pressure. Then the drop count was started. By following the same process all the liquids or solutions of varied strength of SDS in presence and absence of Na 2 SO 4 and ZnSO 4 was measured.
Results and Discussion
The surface tension of SDS in distilled water and in aqueous solution of Na 2 SO 4 and ZnSO 4 were calculated from equation (1) ) because, the Zinc cation, Zn 2+ , has a greater cationic charge than the Na + cation. The surface tension of SDS in presence of Na 2 SO 4 is more than in presence of ZnSO 4 because the smaller ions are strongly hydrated, so they need to pull more water molecules with them which make them less mobile. Thus, due to zinc ions (Zn 2+ ) .i.e. counter ions reduced largely the electrostatic interaction among the surfactant molecules and decreased surface tension largely. When surface tension of a solution is plotted against log[C], where C is the concentration of surfactant then it gives a curve. The two fitted lines meet in the curve at the particular point. That point of intersection is known as cmc of the solution. Our calculation of cmc of SDS in distilled water at room temperature found to be 8.29 mM which is almost matching with 9.00 mM by surface tension method [5] . When surfactant and salt are mixed in solution, salting-out phenomenon often happens [6] [7] [8] [9] .
According to hydration theory [10] salting-out is the result of preferential movement of water molecules, which immobilize and quench their role as solvents, from coordination shells of surfactant molecules to those of salts. The effects of halide salts on the growth of micelles in ionic surfactant solutions have been systematically studied [11, 12] .
With the addition of inorganic salts, the reduced electrostatic repulsion among the surfactant head groups is a key factor to influence the morphology of aggregates in ionic surfactant solutions. For conventional single-chain cationic surfactants, micelles may change from global to rod like or wormlike with the addition of inorganic salts [13, 14] .
Salts decrease the cmc in the order: ZnSO 4 < Na 2 SO 4 . Here Zn + + is least effective in decreasing the cmc due to small size and large hydrated radius and would act as a water-structure promoter decreasing the availability of water to the micelles. Therefore, upon addition of ZnSO 4 and Na 2 SO 4 in SDS, Na 2 SO 4 is more effective in reducing the cmc of SDS. Hence in our case Na 2 SO 4 decreases the cmc of SDS more than ZnSO 4 ( Table 2 ). 
Conclusion
The following conclusions have been drawn from above results and discussion. The results showed the decrease in surface tension of sodium dodecyl sulphate (SDS) at room temperature in presence of Na 2 SO 4 and ZnSO 4 . The surface tension of sodium dodecyl sulphate is found less in presence of ZnSO 4 than Na 2 SO 4 in aqueous media and the cmc of sodium dodecyl sulphate decreases more in Na 2 SO 4 comparison with presence of ZnSO 4 .
